The study was to investigate the prevalence of metabolic health in subjects with obesity in the Chinese population and to identify the determinants related to metabolic abnormality in obese individuals. Methods: 5013 subjects were recruited from seven provincial capitals in China. The obesity and metabolic status were classified based on body mass index (BMI) and the number of abnormalities in common components of metabolic syndrome. Results: 27.9% of individuals with obesity were metabolically healthy. The prevalence of the metabolically healthy obese (MHO) phenotype was significantly decreased with age in women (p trend < 0.001), but not significantly in men (p trend = 0.349). Central obesity (odds ratio [OR] = 4.07, 95% confidence interval [CI] = 1.93-8.59), longer sedentary time (OR = 1.97, 95%CI = 1.27-3.06), and with a family history of obesity related diseases (hypertension, diabetes, dyslipidemia) (OR = 1.85, 95%CI = 1.26-2.71) were significantly associated with having metabolic abnormality in obese individuals. Higher levels of physical activity and more fruit/vegetable intake had decreased ORs of 0.67 (95%CI = 0.45-0.98) and 0.44 (95%CI = 0.28-0.70), respectively. Conclusion: 27.9% of obese participants are in metabolic health. Central obesity, physical activity, sedentary time, fruits/vegetables intake and family history of diseases are the determinants associated with metabolic status in obesity.
Introduction
Obesity has become one of the most prevalent metabolic diseases worldwide. Obesity is a key risk factor for dyslipidemia, hypertension, type 2 diabetes, cardiovascular diseases (CVD), certain types of cancer [1] , and higher mortality in related chronic diseases [2] . However, obesity as defined by the body mass index (BMI) is a heterogeneous condition, and around 30% of obese individuals named metabolically healthy obese (MHO), despite having excessive body fat, display favorable metabolic profiles characterized by high levels of insulin sensitivity, no hypertension, as well as favorable lipid, inflammation, hormonal, liver enzyme and immune profiles [3] [4] [5] [6] .
Previous studies indicated that the MHO population is protected from the development of cardiometabolic disease compared with metabolically abnormal obese individuals [7, 8] . In addition, treatment of obesity and prevention of obesity-related diseases is an enormous medical and socioeconomic task which will not always be successful. Therefore, it is beneficial to identify potential risk and protective factors associated with metabolic abnormality in obese subjects. Possibly correlations have been reported such as age, gender, ethnicity/race, physical activity, smoking, alcohol intake and dietary, but the results are inconsistent [9] [10] [11] .
Due to rapid transition of dietary behaviors and lifestyles, China is experiencing an epidemic of obesity and metabolic disease in the last few decades [12] . Few studies had examined the characteristics of the MHO phenotype in the Chinese population. In this regard, we investigated the prevalence and characteristics of MHO individuals in seven capital cities in China, and provided evidence in relation to the role of dietary and lifestyle factors in determining metabolic status in obese individuals.
Methods

Study Population
The subjects in this study were recruited from our previous cross-sectional investigation on metabolic syndrome carried out in China in 2010 (Cross-Sectional Investigation on Metabolic Syndrome, CSIMS2010). In CSIMS2010, the subjects, aged over 20 years old, were randomly sampled from seven geographically representative areas in China (Shanghai and Hangzhou for eastern China, Beijing for northern China, Shenyang for northeast China, and Taiyuan for central China, Chengdu for southwest China and Guangzhou for southern China) ( Figure 1 ). In each city, one or two communities were selected based on representatives in socioeconomic levels, distributions of age and gender, lifestyle and dietary behaviors with general population. All of the selected communities had not been intervened in for chronic diseases such as metabolic syndrome, diabetes, and cardiovascular diseases. This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the institutional review board at the Zhejiang University, Zhejiang, China. Written informed consent was obtained from all participants. The inclusion criteria of the subjects were as follows: 1 age over 20; 2. living in local community more than two years; 3. Han ethnicity with no restriction on gender. The subjects were excluded if they had severe chronic diseases such as cancer, coronary heart disease, stroke, chronic cirrhosis, hyperthyroidism or hypothyroidism. We also excluded patients with percutaneous coronary intervention, corticosteroid therapy and prior coronary arterial bypass surgery, as well as those who had taken drugs for more than six months or within the previous 12 months that could potentially affect lipid metabolism. After excluding 46 subjects with missing values in questionnaire and medical records, there remained an analytic sample of 5013 participants.
Anthropometric Measurement
Anthropometric indices, including weight, height, waist circumference, systolic blood pressure (SBP), and diastolic blood pressure (DBP) were measured by well-trained investigators, following a standard protocol. Height and weight were measured using a scale, with the subjects wearing light clothing and without shoes. Waist circumference (WC) was measured at the midpoint between the iliac crest and lowest rib. Blood pressure was measured in a sitting position with a mercury sphygmomanometer. SBP and DBP were reported as the average of three repeat measurements with 30-s intervals.
Biochemical Determination
After a 12-h overnight fast, whole blood and serum samples were collected for each subject. Biochemical variables including, triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C) were determined using biochemical auto-analyzers (Hitachi 7060, Tokyo, Japan). Fasting plasma glucose (FPG) was analyzed with a glucose oxidase method with the Beckman Glucose Analyzer (Beckman Instruments, Irvine, CA, USA). A 30 min and 2 h oral glucose tolerance test (OGTT) was performed as a regular procedure for the subjects, except for the previously diagnosed diabetes patients.
Epidemiological Investigation
Each subject was interviewed face to face with a structured questionnaire. The information in the questionnaire included demographic data (date of birth, gender, educational level, marital status, etc.), smoking and alcohol drinking behaviors, physical activity, dietary and family histories of diseases, etc.
Smoking behavior was grouped as current, former, and never. Current smoking was defined as smoking at least one cigarette per day and lasting for one year. Former smoking was defined as stopping smoking for at least one year. Alcohol drinking was classified in three categories as never, moderate and heavy. Heavy drinking was defined as drinking more than three times per week. Moderate drinking was defined as drinking between the levels of heavy and never.
International Physical Activity Questionnaire (IPAQ) (short vision) was used for the assessment of the average amount of time per week engaged in exercise activities [13] . According to the instruction, the energy expended for each activity in metabolic equivalent (MET) minutes per week (MET-m/week) was calculated. The total physical activity cutoff value ≥600 MET-m/week was considered as moderate or high physical activity level. Sedentary hours per week were calculated, participants were classified as short, moderate and long by the interquartile of sedentary hours.
Trained interviewers inquired about dietary intake using the semi-quantitative food frequency questionnaire (FFQ). For each food item, a common serving size of the food or beverage was specified. Participants were asked the frequency of consumption, on average, of this amount during the previous year. Individuals firstly selected from four possible frequency units ranging from "never or less than once per month" to "1 (or 2) or more times per day" and then selected the appropriate portion size. For non-unitary foods, a photo was provided to aid in estimating the four different portions. For each food, an amount was assigned on the basis of the gram weight of the volume for the selected portion-size model. Each food intake was calculated by summing the product of the frequency of intake and the amount consumed at each frequency unit. In addition, participants were classified as more or less based on mean cut-points of food intake. The grains intake contained rice, flour, breads and ready to eat cereals; meat intake contained pork, beef, lamb and poultry.
Definition of the Phenotypes
General obesity was defined by BMI, which was recommended by the Working Group on Obesity in China (WGOC) [14] . Participants were classified as normal weight (BMI 18.5~24.9 kg/m 2 ), overweight (BMI 25~27.9 kg/m 2 ), and obese (BMI ≥ 28 kg/m 2 ) based on standard cutoffs. Central obesity classified subjects with waist circumference ≥90 cm for male, and ≥80 cm for female.
Metabolically abnormal components included: (1) . elevated TG (≥1.7 mmol/L); (2). low HDL-C (men < 1.03 mmol/L, women < 1.29 mmol/L); (3). elevated SBP (≥130 mm·Hg) or DBP (≥85 mm·Hg), or use of antihypertensive drug therapy; (4). elevated fasting plasma glucose (≥5.6 mmol/L) or anti-diabetic treatment [15] . Metabolic health was defined as having the number of metabolically abnormal components ≤ 1, metabolic abnormal was defined as having the number of metabolically abnormal components ≥ 2.
The subjects at normal and obese groups were classified into four categories based on metabolic status: metabolically healthy normal weight (MHNW), metabolically abnormal normal weight (MANW), metabolically healthy obesity (MHO) and metabolically abnormal obesity (MAO).
Statistical Analysis
Continuous variables with normal distribution were described as means and standard deviations (SD), whereas continuous variables with skewed distribution were expressed as median (and interquartile range). Categorical variables were expressed as percentages (%) if data was not at a normal distribution. The comparison of clinical and body composition parameters among the four metabolic phenotypes was performed with one-way analysis of variance (ANOVA), and Bonferroni correction was used to control for the inflation of type I error due to multiple comparisons. The Mann-Whitney U test was used to examine the between-group differences, if data was not at a normal distribution. Statistical differences of the MHO prevalence among age groups and different regions were analyzed using the χ 2 test. Binary logistic regression models were used to estimate odds ratio (ORs) and 95% confidence intervals (CIs) for the associations of sociodemographic and lifestyle variables with metabolic healthy status in obesity. The model was adjusted for age, gender and all other variables. All p values were two-tailed. Statistical significance was defined as p < 0.05. All the statistical analysis was conducted using PASW Statistics version 20.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Five-thousand and thirteen subjects, aged 35-72, were recruited in this study. Forty-seven percent of the subjects (2355) were men and 53% (2658) were women. The prevalence of general obesity and central obesity was 14.0% and 17.6%, respectively. Table 1 describes the basic demographic and metabolic characteristics among the four phenotypes. MAO displayed significantly higher anthropometric indices of central adiposity such as waist circumference, waist hip rate and waist-to-height ratio (All p < 0.05). As expected, MANW and MAO individuals exhibited a significantly worse cardiometabolic profile than MHNW and MHO. Table 2 shows the prevalence of metabolic health in obese subjects with different age groups. In obese individuals, 27.9% met the criteria of metabolic health. Women (32.9%) had significantly higher prevalence of MHO than that of men (23.4%). The prevalence of MHO was consistently decreased with age in women (p trend = 0.001), but not significant in men (p trend = 0.349). The subjects in south China had higher prevalence of metabolic health in obesity (36.8%) than that in north (22.3%). There was no significant difference of the prevalence between men (34.9%) and women (38.9%) in south China (p = 0.473). Table 3 presents the prevalence and determinants of metabolic abnormality (MA) in obese individuals. Elevated waist circumference (>100 cm) was significantly associated with increased odds for MA in obesity (OR = 6.01, 95%CI = 1.30-27.79). The obese individuals with longer sedentary time (OR = 1.97, 95%CI = 1.27-3.06) and family history of diseases (hypertension, diabetes and dyslipidemia) (OR = 1.85, 95%CI = 1.26-2.71) were significantly associated with MA. Moderate or long physical activity (OR = 0.67, 95%CI = 0.45-0.98) and more fruits/vegetables intake (OR = 0.44, 95%CI = 0.28-0.70) were related to lower ORs for MA in obesity. . Metabolic health was defined as presenting ≤1 of metabolic abnormality. Data are presented as mean ± standard deviation and median (P25-P75). Abbreviation: MHNW, metabolically healthy normal-weight; MANW, metabolically abnormal normal-weight; MHO, metabolically healthy obesity; MAO, metabolically abnormal obesity; WC, waist circumference; WHR, waist hip rate; WHtR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; UA, Uric acid; ALT, alanine aminotransferase; AST, aspartate Aminotransferase; γ-GT, γ-glutamyltransferase; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test. The total physical activity cutoff value ≥ 600 MET-m/week was considered as moderate or high physical activity level. 
Discussion
Our findings suggest that MHO phenotypes are widespread among Chinese adults. Different lifestyle factors are linked with the presence or absence of the metabolic abnormality in obese individuals. Elevated waist circumference, longer sedentary time, and family history of obesity related diseases appeared to contribute to higher risk of MA, while more fruits/vegetables intake and higher level of physical activity reduced the risk of MA for obese individuals.
According to the available studies, the reported prevalence of MHO phenotypes ranged widely, depending on the characteristics of the subjects and the diagnostic criteria. Kuk et al. reported that only 6% of the obese population was insulin sensitive and metabolic syndrome free [16] . In our study, almost one-third of obese subjects were in metabolic health, which was similar to most American and European studies [6, 17] . For instance, Wildman et al. and Iacobellis et al. found a prevalence of 31.0% and 27.5%, respectively, of metabolically healthy subjects among general obese populations [6, 18] . In other Asian countries, the prevalence of metabolically healthy people in Chinese obese individuals was lower than that in Japanese (44.1%) and India (47.3%) [19, 20] .
Most studies demonstrated that the metabolic status deteriorated with age in both genders, independent of weight status and the criteria applied to define metabolic abnormality [5] . It was in partial accordance with our observations. The body composition shifted to more fat and resulted in weight gain culminating in metabolic abnormalities with age [21] . Many studies also attributed the trend to the decreased level of gender hormones in women. A lot of metabolic changes in postmenopausal women were related to the decrease in estrogen secretion and consequent accumulation of abdominal fat [22] . However, the prevalence of MHO in men was not remarkably changed through age in our study. The present investigation discovered that south China had higher prevalence of MHO than that in the north; these results might be associated with higher intake of dietary lipids and alcohol in the northern population, and in addition, the warm temperature in south China provides more suitable conditions for physical activity [23] .
In our study, the larger waist circumference presented greater risk of metabolic abnormality. However, several studies also discovered a large proportion of metabolically healthy individuals with central obesity [24] . It was suggested that both BMI and waist circumference might not completely predict the risk of obesity related to cardiometabolic disease. Visceral adiposity was a key risk factor, given its pathogenic consequences in animal models and its role in metabolic dysfunction based on epidemiologic data [25] . Neither BMI nor waist circumference was closely associated with visceral adiposity; in addition, changes in weight were small compared with concomitant changes in visceral or subcutaneous fat [26] . To better understand the MHO phenotype and its prognosis, further research on the stability and change in metabolic condition over time using more accurate measures of adiposity, and considering genetic and environmental factors would be useful.
In our study, higher levels of physical activity decreased the odds of metabolic abnormality for obese individuals. There was strong evidence indicating that higher fitness levels were associated with fewer metabolic complications and lower prevalence of metabolic syndrome at any age and across different weight status [27] . A better fitness level despite being obese is associated with less visceral and intrahepatic fat accumulation, which reduced the risk of developing type 2 diabetes and cardiovascular diseases [28] . However, other studies observed that being physical active only moderately attenuated but did not eliminate the adverse effect of obesity on cardiovascular health [29] . We also found that longer sedentary time contributed to higher risk of metabolic abnormality. Conus et al. indicated that the metabolically abnormal women were less aerobically fit, and spent a greater portion of their time watching television [30] . These types of biological attributes and behaviors likely contributed to the positive energy balance that leads to greater adiposity [30] . This was in agreement with the belief that the natural tendency of the deterioration of metabolic status when physical activity was stopped or reduced.
In present study, more fruits/vegetables might be protective against metabolic abnormality for obese individuals. The same result was also obtained by another study, it compared diet composition between MHO and MAO individuals, and only vegetable protein was higher in the MHO subjects [9] . The dietary fibers contained in fruits and vegetables might prohibit intestinal absorption of cholesterol and bile acids, which resulted in a better serum lipid profile [31] . The antioxidants contained in fruits and vegetables also improved the process of inflammation [32] .
The current study indicated family history in obesity related diseases (hypertension, diabetes and dyslipidemia) as important risk factors for developing metabolic abnormality. Similar findings had been reported in previous studies. Sangun et al. reported that in children and adolescents, metabolic syndrome prevalence was not only significantly higher in children who had a family history of hypertension, but also with heart disease, diabetes and obesity [33] . Future genetic studies were needed to examine the genetic contribution to the MHO phenotype.
Strengths and Limitations
The strengths of the present study included a representative sample of adult individuals in seven provincial capitals of China. The survey methods had been carefully standardized and abided by international recommendations. The limitations involved in this study were as follows: Firstly, even though the study samples were from multiple regions, they were mainly urban residents. Future studies are needed to cover the entire population. Secondly, the cross-sectional study design limited the ability to make an inference about the causal relationship between dietary and lifestyle factors and MHO phenotype. And the use of self-reported questionnaires was subject to potential inaccuracies, recall and reporting biases. Thirdly, it is also important to note that the obese individuals might underreport their food intake. Under reporting of energy intake was not random, but greater among people who were obese, older compared with younger and women compared with men [34] . The fourth, BMI index was used to classify subjects as obese, it might misclassify the persons with short stature or muscular build. In future work, dual-energy X-ray absorptiometry (DEXA) might be more accurate to measure the body fat. Lastly, the development of metabolic abnormality occurs on a physiological continuum, and there are no unique criteria to define the MHO phenotype; different results might be observed by adopting other criteria to identify MHO. Thus, it might not be reasonable to determine "health" relying on artificial thresholds, and it is likely preferable to conduct longitudinal studies to define the precision and predictive value of the metabolic disorder signals in the MHO phenotype.
Conclusions and Implications
This cross-sectional study finds that almost one-third of obese subjects are in metabolic health in China. Central obesity, longer sedentary time, and a family history of obesity-related diseases are associated with increased risk of metabolic abnormality, while more physical activity and fruit/vegetable intake decreased the risk.
The findings of this study have demonstrated that obesity is heterogeneous in metabolic status. The prevalence of obesity was higher in city residents, therefore, effective intervention is urgently needed for obesity control and prevention of related diseases. However, current "one size fits all" approaches to tackle obesity are not successful for most people. More targeted interventions according to different obesity phenotypes are needed. A better understanding of the determinants underlying obesity associated metabolic health subtypes will be beneficial to find out the new targeted or customized therapeutic or intervention strategies to attenuate disease development and reduce the significant economic burden of obesity. This study indicates that physical activity and fruits/vegetables intake increase the likelihood of metabolic health in obesity; these findings also provide evidences for the development of obesity control strategies.
